relatively asymptomatic states of disease will precede the appearance of clinically manifest illness, and that, therefore, there are likely to be many more instances of chronic disease in the population at large than would be recognized in hospitals on the basis of arbitrary clinical criteria.
In the case of pyelonephritis the outlines of the problem were stated by Longcope and Winkenwerder in 1933 (1) when they described a group of women with advanced renal disease, many of whom were hypertensive and all of whom showed chronic pyelonephritis at autopsy. Yet few of them gave any history of clinically recognizable acute infection of the urinary tract, and none gave any clinical indication that a progressive infection had, over a period of years, eroded the kidneys to a point of lifethreatening inadequacy.
Weiss and Parker (2) , in delineating the morphologic criteria of pyelonephritis in 1939, also observed that, despite the relative frequency with which pyelonephritis occurred at autopsy, only about 20% of those with the disease at autopsy had been diagnosed during life. When, almost 20 years later, MacDonald, Levitin, Mallory, and Kass re-examined the problem, the percentage of missed diagnoses in the same hospital had fallen from 80 to 70%, despite continued and active interest in infectious disease at this institution (3) .
Progress in the field was limited by the absence of a reliable means for detecting the large reservoir of clinically inapparent infections of the urinary tract. Various means were studied in an attempt to arrive at an objective test for such asympto-matic infections. It became apparent that a major limitation to bacteriologic study of the urine as a means for detecting such asymptomatic infections was imposed by the inability to judge when a urine culture yielded significant information. Clinicians had no choice but to depend upon palpably inadequate clinical criteria and on such variable and often unreliable findings as proteinuria and pyuria.
A solution to the problem emerged from several considerations (4, 5) . First, the common pathogens of the urinary tract multiply in urine and, therefore, when bacteria are deposited in the urine, they tend to multiply to very large numbers, usually exceeding 10 6 colonies per milliliter. It could then be hoped that contamination would introduce fewer bacteria than those found in true bacteriuria and that simple colony counting would provide a basis for distinguishing contamination from bacteriuria. This approach has now been amply confirmed in various centers, using catheterized specimens, voided specimens, and specimens of urine obtained by direct aspiration of the urinary bladder percutaneously (3, (6) (7) (8) .
All of the presently available data are compatible with these statements: (a) that the urine is normally sterile [a fact recognized by Pasteur, Lister, Sherrington, and other early students of bacteriology]; (b) that in true bacteriuria, bacteria are constantly multiplying in the urine and, therefore, are generally present in high numbers; and (c) that the distinction between contamination and bacteriuria is not an arbitrary one but is based on analysis of the distribution of bacterial counts in nonbacteriuric and bacteriuric populations (5, 9) . Thus, there is no specific bacterial number for the detection of bacteriuria, any more than there is such a point in the evaluation of blood sugar as a means for delineating the diabetic. However, by careful statistical analysis of the overlap between the affected and the nonaffected populations, it becomes possible to state the level of confidence with which a given finding can be interpreted. Clearly, this will be a function of the care with which the specimen has been obtained and handled. With catheterized specimens of the urine, under excellent conditions of collection and prompt colony counting, the error at the level of 10 5 bacteria per milliliter of urine is about 4% (9, 10) . That is, when more than 10 5 Gram-negative organisms are found in a catheterized specimen, in our clinic, the likelihood is approximately 96% that the next specimen obtained from the same patient will show the same level of bacterial numbers. Conversely, if fewer than 10 5 bacteria are found, the probability is only about 4% that the subsequent specimen from the same patient will culture more than 10 5 colonies per milliliter of urine.
With voided specimens, the cleansing of the periuretheral area is obviously more critical, and the degree of cleansing will determine the precision and accuracy of the bacteriologic results. By our method, which involves two separate washes of the periuretheral area with plain soap and water followed by direct voiding into a sterile beaker, without attempts to catch midstream specimens, the error at the level of 10 5 bacteria per milliliter of urine is about 20%. In many hospitals and clinics, with meticulous nurses, and patients who do not shudder at the sight of soap and water, the error may be no greater than that of catheterization. However, even at a level of confidence of 80%, two successive specimens collected with equal care have a 96% confidence limit when 10 5 colonies per milliliter of urine are taken as the cutoff point. Thus, in our clinic, two voided specimens are equal to one catheterized specimen from the bacteriologic point of view. It is essential that the urine of each potential bacteriuric be studied at least twice, whenever possible, until the confidence limits have been worked out for each clinic and each specific set of circumstances. At a 96% confidence level, bacteriuria can be shown to be a substantial problem in preventive medicine. Data obtained at the Boston City Hospital are summarized in Table 1 . In addition, Kunin, Southall, and Paquin (11) have shown that 1% of girls in grade schools of a community in Virginia have bacteriuria but only rarely are boys in the same grades bacteriuric.
The data in Table 1 represent hospitalassociated populations. It is apparent that asymptomatic bacteriuria is one of the commonest infections around hospitals. Its prevalence is higher in those patients who can be expected clinically to have increased prevalence of pyelonephritis (e.g., diabetics, pregnant women, patients with inlying catheters, etc.). Pyuria, at the level of three or more white blood cells per high power field, is found in about half of the bacteriurics and in about 15% of nonbacteriurics when single casual specimens of urine are studied (5) . With repeated study of the urine, most bacteriurics can be shown to have pyuria, and pus casts may be a valuable finding in delimiting some of those who have pyelonephritis (11, 12) . However, the usual manner of studying pyuria is not trustworthy as a means for excluding the presence of infection of the urinary tract (5) .
The hospital-attached population is, of course, not representative of the population at large. An opportunity recently arose to study the prevalence of bacteriuria in two completely defined populations, one in Wales, and the other in Jamaica, West Indies, in collaboration with Dr. W. E. Miall of the British Medical Research Council and Dr. K. L. Stuart of the University College of the West Indies. Dr. Miall has been defining populations for studies of the prevalence of hypertension and of cardiovascular disease. Table 2 shows that the prevalence of bacteriuria in these disparate racial and socioeconomic groups is roughly comparable, and that bacteriuria is primarily a problem in females. Racial and socioeconomic factors seem not to play major roles in determining prevalence. This is illustrated in Figure  1 , which shows that the prevalence of bacteriuria in relation to age is remarkably uniform until about the sixth decade of life, after which an unusual and as yet unexplained divergence in prevalence occurs (13) .
How important are these remarkably common infections? The increased incidence of bacteriuria in those who are likely to have pyelonephritis has been noted. Next in the order of events was to determine the relationship of bacteriuria to pyelonephritis. Studies at autopsy have shown that bacteriuria can be correlated with the presence of acute or chronic active pyelonephritis which is separated from healed or inactive pyelonephritis on the basis of the presence or absence of polymorphonuclear leukocytes in the interstitium of the kidney (3). Bacteriuria is not correlated with the presence of healed or "burnt out" pyelonephritis. Similarly there is a relatively high likelihood that bacteriuria will be associated with pus cell casts (12) , and relatively infrequently will evidence of active inflammation be found in the kidney in the absence of bacteriuria in the untreated patient (3, 12) . In the absence of reliable clinical methods for eliminating the possibility of pyelonephritis in bacteriurics, there is no reliable way of determining the frequency with which bacteriuria may exist without pyelonephritis. All that can be stated with confidence is that the usual criteria, based upon the localization of symptoms and signs, not only miss the majority of individuals with structural invasion of the urinary tract but also are unreliable in terms of excluding the possibility of pyelonephritis in those whose distress is limited to dysuria, tenesmus, and so forth. Although these observations and others have shown an association between bacteriuria and pyelonephritis, they have not given enough information concerning the pathogenesis of the lesion: Which came first, the bacteriuria or the pyelonephritis? From the preventive point of view this is a critical question. Does bacteriuria usually lead to pyelonephritis, or does pyelonephritis usually arise because previously damaged kidneys became infected and bacteriuria followed? There are sufficient numbers of clinical examples of both types of pathogenesis to make it possible that bacteriuria is either primary or secondary.
An answer to this question was sought in the following study. The prevalence of bacteriuria in pregnant women was 6 to 7% at our hospital, as previously noted. Women making their first prenatal visit were screened for the presence of bacteriuria. Interestingly and unexplainedly, women making their first prenatal visit already had bacteriuria by the second month of pregnancy, and only 1 to 1.5% of women acquired bacteriuria during the course of pregnancy after the initial prenatal visit. The bacteriuric pregnant women have no unusual degree of residual urine in the bladder, have normal glucose tolerance curves, and have normal non-coli- form vaginal flora for the most part. According to the studies of Kaitz (14), however, many of them cannot concentrate their urine above 800 milliosmols, suggesting that there may already be some impairment of renal medullary function.
Bacteriuric women who were pregnant less than eight months were treated to remove bacteriuria, and weekly or biweekly colony counts of the urine were performed to prove that bacteriuria was absent until term. Alternate women received a placebo. Prepartal pyelonephritis appeared only in women with persistent bacteriuria (Table  3) . About one-third of the treated women regained their bacteriuria post partum and a few of these became clinically ill with fever and dysuria during the three-month follow-up period, but even in this group it is reasonable to suppose that continued treatment post partum would have prevented their illness. Thus, it appears that pyelonephritis of pregnancy can be almost completely eradicated by the detection and removal of bacteriuria and that the length and type of treatment for optimal results are not yet clear. Most of the bacteriuric women in the pregnancy study, and in the house surveys in Wales and in Jamaica, had escherichia coli infections, so that treatment is likely to present difficulties only occasionally.
These observations, incidentally, are best explained on the basis of ascending infection. Experimental studies in our laboratory have demonstrated that ascending infections can readily be produced in rats and that the ascension of the bacteria from the bladder is via the ureter (15) . Once again, this does not rule out other pathways; it simply suggests the most frequently operative one.
We then analyzed the data of the infants born of the bacteriuric and non-bacteriuric women, primarily because we had used long-acting sulfonamides in our studies and were concerned with the problem of kernicterus. To our surprise the perinatal mortality in untreated bacteriurics was strikingly high when compared with nonbacteriurics or with treated bacteriurics. Deaths of infants were found at autopsy not to be due to sepsis, for which there was no clinical evidence, but to prematurity, hyaline membrane disease, atelectasis, etc. Analysis for prematurity showed that about one-fourth of bacteriuric women delivered premature babies and that treatment markedly lowered this tendency (Table 4) .
This effect is also shown in the distribution of weights of the newborns (Figure 2 ). It appears from these data that not all bacteriuric pregnant women are at equal risk-the curve for bacteriuric women is not shifted toward small infant size throughout. Rather, a group of women seems to be uniquely likely to have premature and dead babies, and bacteriuria An attempt has been made to find a suitable hypothesis to explain the effect of bacteriuria on the uterus. It was recalled that pregnant animals are especially susceptible to the effects of endotoxin and may react to endotoxin by the production of deciduo-placental hemorrhage (16) (17) (18) . Drs. Thrupp and Hajj in our laboratory have investigated the effect of endotoxin on uterine irritability. It is clear that the uteri of pregnant rabbits respond to the intravenous administration of endotoxin by contracting vigorously and asynchronously. Such uteri become progressively more sensitive to endotoxin as pregnancy proceeds and are occasionally responsive in vitro to endotoxin. Just what this means in terms of uterine dynamics is not yet clear. It is obvious, however, that even halfway through pregnancy or by the early portion of the third trimester, the uterus will respond to endotoxin. However, we have no direct evidence that endotoxin reaches the uterus from the urinary tract in our patients, and the hypothesis requires more study.
Apart from the evidence that reasonable segments of the problems of perinatal death and of prematurity are preventable by treating bacteriuria, there is the addi- tional feature that somehow infections of the urinary tract may alter function in an organ not directly connected with the urinary tract. Whether similar more distant effects associated with chronic urinary tract infections can be discerned in other disease states is an important area for future exploration. In respect to the problem of hypertension, sufficient information has accumulated to document a relationship between bacteriuria and hypertension. In the aforementioned surveys of denned populations in Wales and in Jamaica, blood pressures were determined with a standardized technique. Beyond the age of 30 years, the blood pressures of bacteriurics were significantly elevated over the blood pressures of non-bacteriurics (Figure 3 ). Bacteriuria did not have an increased prevalence in families, as would have been expected if bacteriuria were entirely secondary to preexisting hypertension. The present data cannot be explained adequately on the basis of a hypothesis that bacteriuria and pyelonephritis occur secondary to hyper-tension, but fit better the hypothesis that bacteriuria occurs independently of hypertension and leads to hypertension. Should further studies substantiate these observations a preventive approach to one of the causes of hypertension would become feasible (13) .
The striking differences in the prevalence of bacteriuria in females over males outside of hospitals, compared to the almost equal prevalence in the two sexes at autopsy, may be explained on the basis of the observation that females may develop bacteriuria without instrumentation, for reasons that are not clear, and that instrumentation plays a relatively smaller role in the pathogenesis of bacteriuria in females than in males. In males, however, spontaneous infections of the urinary tract are uncommon, and most males with infections of the urinary tract have undergone instrumentation. Since the likelihood of instrumentation increases with age, and is clearly related to hospital admissions, it is to be expected that pyelonephritis in males would become progressively more common in the older age groups and particularly in hospitals.
In summary, the exploration of bacteriuria and of pyelonephritis using the simple colony count of voided urine as a tool has led to many more problems than it has solved. However, there is now clear evidence that bacteriuria is one of the commonest human infections, that it may be chronic and persistent, that it may influence structure and function outside of the urinary tract, and that it plays an important role in disease from the cradle to the grave-from prematurity to hypertension and renal failure. Le alterationes que occurre in le morbos infectiose es ben illustrate in le problema de pyelonephritis. In le passato, clinicamente significative infectiones resultava principalmente ab micro-organismos que esseva "attrappate," i.e., que non esseva indigene al hospite. Factores socio-economic habeva un rolo importante in le determination del prevalentia e del pathogenese de tal infectiones. In nostre dies, crescente numeros de infectiones es causate per bacillos negative al Gram, per staphylococcos, per enterococcos, e per simile micro-organismos que non es "attrappate" in le senso usual del parola sed que es constantemente presente intra le hospite. Le presentia de tal organismos e lor capacitate de causar morbos clinic pare esser influentiate minus per specific circumstantias socio-economic que per delicate alterationes in le equilibrio inter le hospite e le parasite Le facto mesme que iste equilibrio es functionalmente un perdurative requirimento e nonobstante constantemente subjecte a alterationes rende particularmente probabile que organismos autochthone se associa con infectiones chronic si ben como con acute disturbationes symptomatic. Le natura de morbos chronic presuppone que relativemente asymptomatic statos de morbiditate precede le apparition de clinicamente manifeste morbos e que-per consequente-il ha probabilemente un multo plus grande numero de casos de morbo chronic in le population in general que lo que esserea recognoscite in le hospitales a base de arbitrari criterios clinic.
Le exploration de bacteriuria e de pyelonephritis, con le uso-como instrumento de investigation-del simple numeration de colonias in le urina vacuate, ha sublevate un numero de nove problemas plus grande que le numero de problemas que illo ha resolvite. Tamen, nos possede nunc un clar documentation pro le facto que bacteriuria es un del plus commun infectiones human, que illo pote esser chronic e persistente, que illo pote influentiar structura e function al extero del vias urinari, e que illo ha un importante rolo in le historia natural del morbiditate ab le cuna usque ad le tumba -ab prematuritate usque ad hypertension e disfallimento renal.
